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SUMMARY

Aim: to evaluate the histomorphology of the eyes of rabbits with experimental autoimmune uveitis (EAU) of varying severity.

Materials and Methods: The study was conducted on 30 Chinchilla rabbits with EAU, which were divided into two groups according to the severity of
the disease. Histomorphological examination of the rabbit eyes was performed.

Results: In general, the inflammatory process can be characterized as a humoral-type hypersensitivity reaction. An inflammatory process was observed,
predominantly affecting the inner ocular layers — mainly the choroid and retina. Inflammatory changes in the iris were sporadic, minimal, and primarily
consisted of a few scattered lymphocyte-like cells. In the ciliary body, inflammation predominantly involved the ciliary processes. Damage to the retinal
pigment epithelium was predominantly observed in the optical part. The involvement of the choroidal vasculature was evident, accompanied by
stromal exudation. Retinal alterations predominantly involved the inner layers.

The bipolar and ganglion cell layers were essentially destroyed, while the photoreceptor layer was largely preserved. Destruction of the retinal pigment
epithelium was associated with damage to Bruch’s membrane.

Conclusion: Overall, histomorphological alterations in EAU showed a time-dependent progression, peaking between Days 3 and 10, particularly in
moderate and severe cases. Although inflammatory activity decreased from Day 14 onward, complete morphological recovery was not observed.

Persistent intergroup differences indicate sustained, partially irreversible ocular tissue damage associated with disease severity.
Key words: histomorphology, experimental model, autoimmune uveitis, tissue damage

INTRODUCTION

In the comprehensive investigation of autoimmune
uveitis, alongside the assessment of clinical progression
and immunological alterations, a detailed evaluation of
histomorphological changes - specifically the character-
ization of target tissue involvement - represents an es-
sential component for understanding the disease mech-
anisms. Of particular interest is the understanding of
tissue and ocular structural damage in autoimmune uve-
itis of varying degrees of severity. Histomorphological in-
vestigations provide essential insights into the complex
mechanisms of uveitis, by elucidating the interactions
between various ocular cells and tissues during the in-
flammatory process. By monitoring histomorphological
alterations, investigators can evaluate the therapeutic
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efficacy of various interventions in attenuating inflam-
mation and limiting tissue injury [1,2]. According to the
literature, uveitis predominantly affects young individu-
als and leads to significant visual impairment in approxi-
mately 35% of cases [3-5].

Due to the importance of obtaining morphological
samples in humans, models of endogenous uveitis have
been developed. This has made it possible to study the
pathogenetic mechanisms of this disease [6-8].

The rabbit model of uveitis is characterized by several
advantages over other experimental models. The rabbit
eye is comparable in size to the human eye, which fa-
cilitates anatomical orientation of ocular structures and
allows superior visualization for histomorphological anal-
ysis [9]. Secondly, the layers of the iris, ciliary body, and
choroid are more distinctly differentiated in the rabbit



eye, enabling more accurate assessment of inflammato-
ry infiltration, edema, and vasculitis [9]. In experimental
studies of uveitis, the rabbit model is therefore consid-
ered optimal, particularly in the absence of genetic or
molecular investigations, which are more appropriately
conducted using murine models [10,11].

Objectives: to evaluate the histomorphology of the
eyes of rabbits with experimental autoimmune uveitis
(EAU) of varying severity.

MATERIALS AND METHODS

The study was conducted on 30 Chinchilla rabbits,
aged 90-120 days and weighing 2.5-3.0 kg, which were
kept under standard vivarium conditions. All rabbits un-
derwent a two-week quarantine period prior to the ex-
periments. In this study, a previously established model
of autoimmune uveitis was modified [12,13]. EAU was
induced, following the protocol described by Kuryltsiv
and colleagues [14]. All rabbits were pre-sensitized by
1.0 ml of normal horse serum (Biolyk (UA) intravenous
injection daily for 5 days. Ten days after the final injec-
tion, rabbits in Group | (n = 15) received an intravitreal
injection of 0.1 ml of undiluted normal sterile horse se-
rum in both eyes. An intravitreal injection of 0.1 ml of
normal sterile horse serum, diluted with saline at a 1:2
ratio, was administered to rabbits in Group Il (n = 15)
in both eyes. As a result, uveitis of varying severity was
observed: Group | included rabbits with moderate to
severe EAU, while Group Il comprised rabbits with mild
EAU.

On the designated experimental days of sacrifice (days
3,7,10, 14, and 21), histomorphological examination of
the rabbit eyes was performed on all 60 paired eyes enu-
cleated from 30 rabbits (in Group 1 - 30 eyes, in Group
Il - 30 eyes). The specimens were fixed in 10% neutral
formalin and processed according to standard proce-
dures for paraffin embedding. Two blocks were prepared
from each eye, from which up to 10 serial sections were
obtained and stained with hematoxylin and eosin. Mi-
croscopic analysis of the sections was carried out, us-
ing a Jenamed-2 light microscope at both low and high
magnifications, employing 10x, 40%, and 60x objectives.
Photo-documentation was performed, using a DCM-
1.30mp digital video camera. Selection and editing of
microphotographs were conducted, including removal
of minor technical artifacts, using the Microsoft Paint
raster graphics editor.

All animal experiments were performed in compliance
with the Law of Ukraine on Protection of Animals from
Cruel Treatment No. 3447-1V dated 21.02.2006, Europe-
an Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
from the European Treaty Series (Strasbourg, 1986), and
the WMA Declaration of Helsinki: “Guidelines for the use
of experimental animals in experimental research” from
1964-2000, as well as Council Directive 2010/63/EU.

RESULTS

In the majority of eyes, an inflammatory process was
observed, predominantly affecting the inner ocular lay-
ers — mainly the choroid and retina - including both the
optic part of the retina and the ora serrata. In the limbal
vessels of the cornea, mild perivascular infiltration was
noted in some cases, without an exudative component
or involvement of the corneal stroma or drainage struc-
tures. Inflammatory changes in the iris were sporadic,
minimal, and primarily consisted of a few scattered lym-
phocyte-like cells. In the ciliary body, inflammation pre-
dominantly involved the ciliary processes.

Overall, the inflammatory process can be characterized
as a humoral-type hypersensitivity reaction, predomi-
nated by lymphocyte-histiocyte-type cells, without in-
volvement of segmented neutrophils. Plasma cells (with
eccentrically placed nuclei and a patch of weakly eosin-
ophilic cytoplasm) and tissue basophils (mast cells-with
central nuclei and a rim of weakly basophilic cytoplasm)
constituted a significant component of the inflammato-
ry infiltrate. In humans, these cells are typically recruited
during immunological responses involving IgE antibod-
ies. Mast cells are also characteristic of immunological
reactions in animals.

Based on the nature of the cellular response and the
accompanying tissue changes, it can be inferred that this
hypersensitivity reaction began to develop within the
first day following exposure to the corresponding anti-
gen, proceeding as a cytotoxic-type reaction. The prob-
able sites for the binding of cytotoxic antibodies were
Bruch’s membrane and adjacent membranous structures
of the ciliary body processes and vessel walls.

Damage to the pigment epithelium was predominant-
ly observed in the optical part of the retina. The iris was
minimally involved in the pathological process while, in
the ciliary processes and the ora serrata, the lesions were
primarily localized to the zonular fibers and preretinal
area. This suggests an association with impaired barri-
er function of the collagen-elastic membranes, namely
Bruch’s membrane and the basal membranes of the cil-
iary process epithelium and the non-optical portion of
the retina.

The involvement of the choroidal vasculature was also
evident, as demonstrated morphologically by marked
vascular dilation, frequently accompanied by stromal ex-
udation within the uveal tract and, in some cases, partial
detachment. A similar response was less pronounced in
the vessels of the ciliary processes and was only minimal-
ly observed in the iris vasculature.

Changes within the retina were markedly pronounced
in some cases and exceeded the severity of the uveal
response. These alterations predominantly involved the
inner retinal layers, indicating that the inflammatory pro-
cess in the retina was mediated primarily through vascular
involvement. This is further supported by the substantial
inflammatory activity observed in the preretinal layer and
vitreous body, where intense inflammatory infiltration
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Figure 1. The retina is detached by exudate. All retinal layers,
except for the outer nuclear layer, are displaced by a massive
inflammatory infiltrate that extends into the vitreous body. H&E
staining. Magnification 100x

Figure 2. Higher-magnification view of the previous figure. The
inflammatory infiltrate consists of lymphocytes, plasma cells,
and mast cells. In the upper portion of the image, a layer of
photoreceptor cells is visible. H&E staining. Magnification 400x

was occasionally present. The bipolar and ganglion cell
layers were essentially destroyed, while the photorecep-
tor layer was largely preserved, confirming that the patho-
logical process involved the retinal vasculature, which is
confined to the inner retinal layers.

Destruction of the retinal pigment epithelium was
associated with damage to the tapetoretinal zone
(Bruch’'s membrane). Consequently, no destructive retinal
pigment epithelium changes were observed in the re-
gions of the iris or the ciliary processes. The exudative ret-
inal detachment was likewise linked to alterations within
the tapetoretinal zone — primarily involving the retinal
pigment epithelium layer — which in many cases separat-
ed (desquamated) together with the neurosensory retina.

In the two experimental groups in which autoimmune
uveitis of varying severity was induced, the morpholog-
ical findings showed certain distinctions. In rabbits of
Group |, in which undiluted normal sterile horse serum
was injected intravitreally, the signs of anterior and pos-
terior uveitis were more pronounced, with a greater num-
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Figure 3. Diffuse infiltration of the choroid and retina by
lymphocytic cells with retinal detachment. Markedly dilated
choroidal vessels are visible. The retina is detached together
with the disintegrated retinal pigment epithelial cell layer. H&E
staining. Magnification 100x

Figure 4. Infiltrate in the posterior choroid. Vascular congestion,
edema, and choroidal detachment

ber of intraocular structures involved in the inflammatory
process.

Specifically, in a subset of Group | specimens, the his-
tological appearance of the eye was as follows (Figure 1):
a small number of lymphocytes adjacent to the scleral
vessels at the limbus. Clusters of lymphocytes were pres-
ent in the superficial layers of the pars plana and within
the ciliary processes, with diffuse extension toward the
zonular fibers. At the choroid, from the ora serrata to the
optic nerve head, inflammatory infiltration was noted,
predominantly localized along the interface with the ret-
inal pigment epithelium (Figure 2). The retinal pigment
epithelium layer demonstrated areas of disruption. The
inflammatory infiltrate extended diffusely into the retina,
leading to obliteration of the neural layers, with only pho-
toreceptors remaining visible in some regions.

As demonstrated in Figures 3 and 4, in a subset of sam-
ples, intense inflammatory infiltration was observed in
the limbal region. The iris contained only sparse, scat-
tered inflammatory cells. The zonular fibers exhibited



dense infiltration with preretinal foci; in some areas, the
retina was detached by exudate containing cellular ele-
ments. Over most of its extent, the retinal architecture
was disrupted, with preservation limited to the photo-
receptor layer, while the retinal pigment epithelium was
disintegrated. Marked diffuse infiltration was present in
the choroid. Small clusters of inflammatory cells were
also noted within the optic nerve sheaths.

Figure 5. Moderate inflammatory infiltration was observed
within the zonular fibers (1) and the ciliary processes (2). H&E
staining. Magnification 200x

Figure 6. Moderate inflammatory infiltration (1) was present
within the choroid. The retinal pigment epithelium exhibited
focal areas of desquamation (2). In the sclera (3), focal
accumulations of melanocytes were observed. H&E staining.
Magnification 100x

Figure 7. Infiltration in the region of the zonular fibers. The
infiltrate is predominantly composed of plasma cell-type
elements and mast cells. H&E staining. Magnification 600x

At the same time, a portion of the specimens demon-
strated the following changes: in the conjunctiva at the
limbal region, a few small scattered lymphocytes were
present. The iris contained dispersed lymphocytic infil-
trates, with a focal accumulation near the iris root, extend-
ing toward the drainage angle. Inflammatory infiltration
was detected within the ciliary processes and the zonular
fibers (Figure 5). In the choroid, inflammatory infiltrates
were noted near the ora serrata and around the optic
nerve head, while the remainder of the choroid appeared
normal (Figure 6). In the optic nerve head and the adja-
cent retina, scattered lymphocytes were identified; the
retina was unremarkable throughout most of its extent.

In the analysis of specimens from Group Il, in a small
number of histological specimens, the inflammatory
changes in the anterior segment were mild (Figures 7, 8).
The ciliary processes contained occasional inflammato-
ry cells, with a moderate infiltrate in the zonular fibers.
A small cluster of inflammatory cells was observed in the
anterior chamber angle. The choroid and retina were nor-
mal throughout their entire extent.

The histomorphological profile indicated a more pro-
nounced severity of uveitis, as evidenced by the following
changes: as shown in Figure 9, small foci of lymphocytic

Figure 8. Mild limbal infiltration characterized by scattered
small lymphocytic cells. H&E staining. Magnification 400x
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Figure 9. Lymphocytic infiltrates were present in the ciliary
body (1) near the ora serrata, extending to the zonular fibers (2).
H&E staining. Magnification 100x
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Figure 10. In the choroid near the ora serrata, lymphocytic
infiltrates (1) were observed, extending into the subretinal
space (2),accompanied by desquamation of the retinal pigment
epithelium (3). H&E staining. Magnification 200x

Table 2. Histomorphological change scores in Group | and Group Il

Experimental day

Day 3

13 (11.25-14)
(n1=30,n2=30)

Day 7
14 (13-16)
(n1=26,n2=26)
Day 10
16 (15-17)
(n1=22,n2=22)
Day 14
14 (13-15)

(n1=18,n2=18)

Day 21

11.50 (10-12)
(n1=14,n2=14)

Day 30

7 (6-8)
(n1=10,n2=10)

Figure 11. Lymphocytic aggregates in the preretinal region and
withn the optic nerve head. H&amp;E staining. Magnification
100x

6 (4-7) <0.001
8(8-9) <0.001
8(7.25-9.75) <0.001
7 (5.25-7) <0.001
4 (3-4) <0.001
3(2.25-3.75) <0.001

Comparisons were performed using the Mann-Whitney U test, p<0.05 - statistically significant difference between Group | and Group I, ME — median,

n1-numbers of rabbits in group |, n2 — numbers of rabbits in group Il, Q, - Q

infiltration in the limbal region; lymphocytic infiltrates in
the ciliary body near the ora serrata, extending toward
the zonular fibers; a mild infiltrate within the drainage
angle. In the choroid, isolated foci of infiltration were
observed as minor focal thickenings (up to 300 um) (Fi-
gure 10). In the retina, scattered clusters of lymphocytes
were present preretinally and within the optic nerve
head (Figure 11).

We developed a scoring system to assess the structur-
al damage of the ocular globe in uveitis (Table 1). This
scoring system enabled quantitative statistical compar-
ison of the severity of ocular involvement between the
two study groups at each predefined experimental time
point.
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- interquartile range

Based on these data, a statistical analysis was performed.
A comparative assessment of the mean histomorphologi-
cal change scores at the experimental time points was ob-
tained and is presented in Table 2. It should be noted that
both groups demonstrated progression of histomorpho-
logical changes from Day 3 to Day 10 of the experiment
(Graph 1, Graph 2). More pronounced alterations were
observed in animals with moderate and severe EAU. Begin-
ning on Day 14, a reduction in inflammatory activity was
observed, as reflected by the corresponding scores. How-
ever, by the end of the experiment, complete resolution of
histomorphological changes was not observed in any of
the animals (Graphs 1 and 2). Statistically significant differ-
ences between the groups were observed at all time points.



Table 1. Scale of pathomorphological changes in ocular structures in EAU

X Degree of inflammatory severity (score)
Horpholegical hanges ] 2 ]| 3

Cornea
Endothelial infiltration mild, perilimbal moderate intense, diffuse
Edema mild moderate severe
Conjunctiva
Infiltration (lymphocytes) mild moderate intense, diffuse
Anterior chamber
Flare mild moderate severe
Inflammatory cell reaction <5 cells/HPF 5-20 cells/HPF 20-50 cells/HPF, hypopyon
Iris
Infiltration (|ynr::gjé<f)2§/i:c) moﬂiﬁrﬁzﬂﬁﬁcal intense, diffuse (plasma cells, mast cells)
Synechiae absent isolated multiple, complete posterior synechiae
Edema mild moderate severe
Posterior chamber
Exudate and infiltration mild moderate severe
Ciliary body
Infiltration mild moderate severe
Edema mild moderate severe
Vitreous body
Infiltration mild moderate intense, diffuse
Retina
Exudative retinal detachment mild, localized moderate total
Retinal inflammatory infiltration mild moderate severe
Retinal pigment epithelium degeneration mild moderate severe
Choroid
Inflammatory infiltration mild, focal moderate, multifocal severe, diffuse
Choroidal edema mild moderate severe, with detachment

Cells/HPF - Cells per high-power field, EAU - experimental autoimmune uveitis

19
16
14 14
12
12
10
8
7
| I

Day 3 Day 7 Day 10 Day 14 Day 21 Day 30

20

16

13

Minimum ™ Median ™ Maximum

Graph 1. Dynamics of changes in the scoring values in Group I.
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Graph 2. Dynamics of changes in the scoring values in Group II.

DISCUSSION

The histomorphological evaluation of uveitis is es-
sential for understanding the pathogenesis, clinical
course, and prognosis of the disease. Using this experi-
mental model, we were able to demonstrate the spread
of the inflammatory process within both the anterior
and posterior segments of the eye at the morphologi-
cal level. A number of published studies have described
the clinical manifestations of intraocular inflammation
[15,16], and the immunological alterations that occur
in EAU [14,15,17]. However, clinical manifestations do
not always reflect the full extent of intraocular damage.
Histomorphological evaluation serves as an essential
complement, providing detailed insight into the true
severity and distribution of tissue injury. Although
the literature includes descriptions of severe anterior
segment involvement - occasionally even leading to
corneal perforation - in experimental settings, such
findings are not universal and depend on the specific
model and immune response elicited [18]. However,
several experimental models of autoimmune uveitis
have been described, in which the inflammatory pro-
cess predominantly affects the posterior segment, in-
volving the choroid and retina, while changes in the
anterior segment remain minimal. These models un-
derscore the variability of immune-mediated ocular
injury and highlight the importance of histological as-
sessment in accurately characterizing the pattern and
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severity of inflammation. [19,21,22,29]. In our model of
autoimmune uveitis, we observed a comparable mor-
phological pattern.

Histomorphological evaluation in autoimmune uve-
itis is crucial for differentiating the type of inflammation
(granulomatous vs non-granulomatous), elucidating the
underlying pathogenic mechanisms (cell-mediated ver-
sus humoral), characterizing the cellular composition of
the infiltrate, and identifying the presence of necrosis,
vasculitis of the choroidal and retinal vessels, or destruc-
tion of the retinal pigment epithelium. In our study, we
observed a humoral-type hypersensitivity reaction, pre-
dominantly involving lymphohistiocytic cells. The inflam-
matory infiltrate contained plasma cell-type elements
and tissue basophils (mast cells).

Histological assessment also enabled evaluation of
the structural alterations within the retina. Specifically,
damage to the retinal pigment epithelium was identi-
fied, most pronounced in the optical portion of the ret-
ina. Choroidal vascular involvement was manifested as
marked vascular dilation, accompanied by exudative
stromal changes within the uveal tract. Retinal alterations
were characterized primarily by injury to the inner retinal
layers, attributable to vascular involvement and accom-
panied by a robust inflammatory response within the vit-
reous body. Notably, the photoreceptor layer remained
preserved in most cases. In contrast, destruction of the
retinal pigment epithelium was linked to damage of
Bruch’s membrane.



The literature provides no comparative description of
morphological changes in autoimmune uveitis across
different degrees of disease severity, which we were able
to perform in the present study. The comparative analy-
sis between experimental groups revealed marked differ-
ences. In Group |, where undiluted normal horse serum
was injected intravitreally, the inflammatory response
was significantly more pronounced. These eyes exhibited
diffuse choroidal and retinal infiltration, extensive dis-
ruption of the retinal layers, involvement of the vitreous
body, and destructive changes within the RPE. Exudative
retinal detachment, widespread infiltration along the
RPE-choroid interface, and occasional inflammatory foci
within the optic nerve sheaths reflected the high severity
of the induced immune reaction.

In contrast, Group Il displayed a more heterogeneous
spectrum of changes. While some eyes demonstrated
only mild anterior segment involvement with intact
retina and choroid, others developed moderate uveit-
ic alterations, characterized by localized lymphocytic
infiltrates in the ciliary body and zonular fibers, small
focal choroidal infiltrates near the ora serrata, and lim-
ited preretinal cellular aggregates. Importantly, even in
these cases, the structural integrity of most retinal lay-
ers remained preserved, indicating a substantially lower
level of immune-mediated tissue injury, compared with
Group I.

Overall, the findings confirm that the model effectively
reproduces key morphological features of autoimmune
uveitis, including posterior-predominant inflammation,
vascular-mediated retinal injury, and secondary distur-
bances of the retinal pigment epithelium — Bruch’s mem-
brane complex. The distinct severity patterns observed
between the experimental groups highlight the dose-

and compartment-dependent nature of the immune re-
sponse, as well as the importance of antigen accessibility
within the uveal tract. These results contribute to a better
understanding of the pathophysiological mechanisms
underlying immune-mediated intraocular inflammation
and provide a basis for future studies aimed at evaluating
therapeutic interventions and identifying early structural
biomarkers of disease activity.

CONCLUSION

In conclusion, histomorphological alterations in EAU
demonstrated a clear time-dependent progression,
reaching peak severity between Days 3 and 10, particu-
larly in cases of moderate and severe disease. Although
a partial reduction in inflammatory activity was observed
from Day 14 onward, complete morphological recovery
was not achieved by the end of the experimental peri-
od. The persistence of statistically significant differences
between groups at all time points underscores the sus-
tained impact of disease severity on ocular tissue dam-
age and highlights the chronic and incompletely revers-
ible nature of the inflammatory process in EAU.

Thus, the study of histomorphological changes in the
eye during EAU allows for the assessment of the extent
and severity of tissue damage, as well as the early detec-
tion of potential complications such as choroidal atrophy,
glaucoma, and retinal degeneration, even before their
clinical manifestations appear. In addition, it enables
evaluation of the tissue’s regenerative potential, which
can inform therapeutic decision-making and provide
a basis for assessing the efficacy of novel treatment ap-
proaches in the future.
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